Abstract. - An original diffuse X-ray scattering pattern is observed for single domains of threedimensionally ordered Smectic B and G phases : a fairly sharp white line going through the center of the reciprocal space is associated with a periodic set of parallel and equidistant black lines of similar shape. It is demonstrated that this set of lines is the signature of a linear defect consisting in a localized vacancy surrounded by a delocalized interstitial. As a matter of fact such defect display the crystalline properties of the Smectic B and G phases. The relation between these defects and the molecular orientational disorder as well as the consequence upon the static and dynamical elastic properties of these phases are discussed.
J. Phys. France 51 (1990) [1517] [1518] [1519] [1520] [1521] [1522] [1523] [1524] [1525] [1526] 15 JUILLET During the last decade the structural studies of ordered smectic phases have been focused on the problem of the phase transitions from a 3D crystal towards a two-dimensional network. In fact, a well established classification [1] ] of these mesophases in two groups makes the distinction between the mesophases organised in stacked layers, in which the molecules form a two-dimensional periodic array (SmF SmI and hexatic B), and the mesophases which keep a three-dimensional crystalline character in spite of the high degree of molecular orientational disorder (crystalline SmB, SmG, SmH, etc.). For the first group of mesophases a fairly coherent description, based on the theoretical predictions about 2D melting and on a comparison with various experimental data, is now available [2] . The [5] .
A part of the diffuse X-ray intensity is also localised in non-equatorial reciprocal lattice planes perpendicular to the director. This intensity is therefore issued from some periodic linear defects parallel to the director. These defects are obviously related to the 3D character of the SmB and SmG phases [6] .
In fact, the diffracted intensity of the Bragg peaks represents only a small part of the whole scattered intensity. Therefore it is clear that much disorder is still there in ordered smectic phases, consequently a description of this disorder in independent fluctuations cannot be realistic. The coupling between two kinds of fluctuations will induce interferences in the scattered intensity and interferences imply addition as well as subtraction of amplitudes of diffraction. Thus, some white areas of the diffraction pattern may be meaningful. It is clear that all the patterns shown in figure 1 [7] . The defects which are at the origin of such small angle diffuse scattering halo are known as Guinier-Preston zones (GP zones). Such defects have been previously described as the association of two coherent zones of different electronic densities : the central part is a cluster of impurities surrounded by a depletion crown free of impurities. The number of foreign atoms in the central area of the cluster is equal to the number of the same atoms that were previously present in the total volume of the defect, when impurities were randomly dispatched. At zero scattering angle, the diffracted amplitude is the addition of two terms which have the same value, but opposite signs ; because of the difference of size, the two terms decrease with a different slope, consequently the width of the diffuse scattering band depends on the ratio between the sizes of the two components of the defect. Let us remark that the analysis which was quickly reported above holds for randomly dispatched GP zones, while in general they cover nearly the whole volume. A better description of the first stage of clustering in solid solutions quenched at room temperature has been given by Cahn in a model in which the spinoidal decomposition of the alloys induces a quasi sinusoidal spatial profile of the impurity concentration [8] . Experimentally, GP zones have concentration profiles which are anharmonic since the first ageing stages, and the previous description of GP zones remains valid in spite of the fact that some points are still obscure in their structures [9, 10] .
In SmB and G phases the small-angle scattering intensity profile is anisotropic since it depends only on the f coordinate of the reciprocal space (perpendicular to the smectic planes) ; moreover it is strongly anharmonic in a direction parallel to the director. This anharmonicity excludes any idea of a quasi sinusoidal fluctuation. The The amount of such defects has not been measured since we have not performed absolute intensity measurements of the small-angle scattering background. Anyway, we can estimate that there are at least 1 % of single vacancies in order to give a background of somewhat higher diffuse scattered intensity than that induced by the longitudinal phonons at zero angle [11] . The structure of the defect can be described by various models.
The simplest one corresponds to a diffuse interstitial which is not localised at a given position. Let us consider a defect made of (2 n + 1 ) molecules of structure factor Fo. In the undisturbed structure the molecules are aligned with a repeat vector c. If the interstitial is not localised, the central site is the vacancy and the n molecules sitting on each side are not displaced, but their structure factor is enhanced by a ratio (2 n + 1)/2 n. Since the lattice is non-distorted, the intensity profile will be repeated identically at the center of the reciprocal space and around each OOf Bragg peak. Such a model does not fit with our data and in fact the idea of a diffusive interstitial is opposite to the idea of a finite length defect. The molecule in excess is more likely inserted in a line of N molecules inducing a shrinking of the lattice spacing by a factor N/N + 1. We have considered two positions for the central vacancy :
i) the vacancy is centered between two lattice sites, and the defect contains an even number of molecules 2 n, n molecules being periodically dispatched on a length (n -1/2) c (Fig. 2a) ;
ii) the vacancy is centered on a lattice site and the defect contains an odd number of molecules 2 n + 1. For symmetry reasons, we admit that n + 1/2 molecules are dispatched on n sites on each side of the vacancy. At each end of the defect, a molecule, shifted of half a period, is shared by two adjacent defects and successive defects of the same raw parallel to c are of random length (Fig. 2b) . Figure 3 shows the diffracted intensity obtained from the last two models for 0 f 1.8 c*. Around f = 0, the white band is clearly observed. Around f = 1, the intensity profile presents two minima of inequal depths surrounding a maximum. The sign of this asymmetry is different for the two kinds of defects and its amplitude varies with f. A similar behaviour has been already seen in aluminium alloys where the disymmetry in the intensity profile around the different Bragg peaks is explained by the distortion of the impurity rich areas [12] . Fig. 3 . -Calculated small angle diffuse scattering intensity (in molecular structure factor units) versus the reciprocal coordinate 1 parallel to the director. a) The vacancy is shared between two layers. The intensity corresponds to a mean value over 6 defects of length 2 n with (n = 4) x 1, (n = 5 ) x 2, (n = 6 ) x 2, (n = 7 ) x 1. b) The vacancy is centered in a smectic layer. The intensity corresponds to a mean value over 9 defects of length (2 n + 1 ) layer thickness with (n = 3 ) x 1, (n = 4 ) x 2, (n=5)x3, (n=6)x2, (n=7)x 1. In figure 3 we have not taken the molecular structure of the liquid crystalline phase into account. The measured intensity must be multiplied by the molecular form factor which decreases quickly for f r.-1 and therefore strongly modifies the intensity profile. Nevertheless it is clear, at least for the diffraction pattern of TBBA (Fig. 1 b) , that the first dark line is followed at higher angles by a white one, corresponding thus to a defect with a vacancy sitting in the center of a smectic layer. Our [16] , and therefore the residence time of a single vacancy has the same order of magnitude. In order to explain our diffuse scattering pattern, we must admit that the vacancy moves with its joined interstitial. Let us remark that the vacancy interstitial pairs must distort the hexagonal lattice driving to an asymmetry of the scattering intensity around the Bragg peaks [ 17] but a linear defect extended over 10-15 molecules and moving so quickly must be more likely coupled to phonons than to static distortions. The white lines seen in the vicinity of the hk0 Bragg peaks (Fig. la) can be related to a coupling of these defects with longitudinal phonon modes propagating in a plane perpendicular to the director. For the SmG phase of TBBA these phonons have also been measured in reference [15] ; their frequency has the correct order of magnitude in the whole Brillouin zone (less than 0.5 THz). However no contrast inversion (corresponding to the white lines of the X-ray experiments) is detected in our triple axis experiments. In fact the resolution of the device and the mosaic spread out of the single crystal do not allow a good accuracy for the direction of the phonon wave vector and phonons inducing normal positive peaks are always superimposed on the expected negative one.
One can ask if the interactions between the defect and the surrounding matrix are only limited to this coupling with longitudinal acoustic phonons. The lamellar character of the smectics in general may have an influence on the behaviour of the transverse phonons of wave vector parallel to the layer planes. In our previous description of the local order in SmB and SmG, we have underlined that the scattered intensity localised in reciprocal planes perpendicular to the director is induced by uncorrelated lines of molecules undergoing a longitudinal displacement out of their mean position [6] . If In conclusion, a better analysis of the diffraction patterns of SmB and SmG phases drive us to give a better description of some linear defects specific of a three-dimensional crystalline phase. Vacancy-interstitial pairs are in higher concentration in these phases than in usual solides, moreover they form linear defects extended over ten to fifteen molecular layers. The internal structure of these defects is reminiscent of that of GP zones, which are responsible for the structural hardening of aluminium alloys. However, in SmB and G the orientational disorder of molecules around their long axis may be at the origin of the high vacancy concentration. It appears that this concentration is rather independent of the sample nature and preparation and that even several days of annealing in the mesophase temperature range seem to have no influence on the scattering strength of the samples. Owing to the known dynamical properties of such rotational motions the vacancy-interstitial pairs are likely to be fairly mobile. Consequently the mechanical properties of these materials may be rather insensitive to these defects in the low frequency limit, while thermal phonons couple easily to them.
Besides an improvement in the description of the linear defects, our data analyses have also brought to our attention the existence, for asymmetrical molecules, of a second class of purely displacive linear defects corresponding to a local ordering of the long molecular axes. Let us remark that the very few SmB phases of polar molecules seem to behave differently since the two kinds of linear defects disappear in a more or less periodic network of discommensuration walls, typical of the smectic phases of polar compounds [18] . Obviously, a precise description of the organisation in Smectics B and G based on X-ray diffraction data cannot be obtained without an analysis of the whole diffraction pattern, since the fluctuations take a great part in the organisation and cannot be considered as small perturbations. Nevertheless, the methods currently used in the study of a single crystal can help us to estimate the different kinds of fluctuations. In the light of this evaluation, it appears that the SmB and SmG phases present paradoxical properties. The occurrence of localized point defects is typical of a crystalline solid ; the main part of the molecular disorder is rather orientational than translational and this is a characteristic property of plastic crystals. However the smectogenic (or lamellar) properties of such systems are related to the anisotropy of the molecule together with the conformational disorder of the aliphatic chains [9] . At least, in smectics B, the lamellar structure is supported by the large amount of stacking faults [20] . In the opposite way, some SmG phases present a lot of sharp Bragg peaks imaging a rather perfect 3D lattice. However since most of fluctuations are found in both SmB and G phases, they have to be considered in the same way, they both belong to a class of orientationally disordered crystals of mesogenic molecules.
